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ABSTRACT 
Syntactic planning and processing are integral to speech and language production. 
Similarly, dual-tasking is integral to speaking. Although dual-tasking influences speech 
and language production, it is not entirely clear how the nature of the secondary task 
influences cognitive resource allocation with speech-related dual-tasking in children who 
stutter. To test this in children who stutter (CWS) and those who do not stutter (CWNS), 
we examined how sentence planning and production is affected when performed 
concurrently with a rhyme judgement task (domain specific) or a visuo-spatial task 
(domain general). 
The aims of this research were: 1) to evaluate if there are group differences in CWS and 
CWNS in sentence planning and production under single vs. dual-task conditions.; 2) to 
evaluate the effects of domain specific vs. domain general task conditions and their 
resource demands on sentence planning and production.  
 
The participants were 14 CWS (11 male, 3 female) and 15 CWNS (11 male, 4 female) in 
the age range of 9 to 16years. The primary sentence task required participants to view 
line drawings that represent S-V-O (Subject-Verb-Object) sentences and to produce 
sentences that best described each picture. This task was performed alone (single task) or 
in the presence of a secondary task (dual-task). The secondary task was either a rhyme 
judgement task (domain specific) or a shape judgement task (domain general). 
The results revealed that CWS are slower in planning and producing sentences in the 
presence of a secondary task, irrespective of task domain. CWS also exhibited greater 
disfluencies in the dual task, in both verbal and visuospatial task.  For the secondary task, 
more errors and longer response times were noted for the rhyme judgement task. These 
results support the finding that the cognitive resource allocation of CWS is different from 
CWNS and that CWS show greater vulnerability to the presence of a secondary task.   
 
 
 
 
 
 
 
 iii 
 
 
TABLE OF CONTENTS 
 
 
             Page no. 
 
1. LIST OF TABLES       iv-v 
2. LIST OF FIGURES       vi-vii 
3. INTRODUCTION       1 
4. METHOD        20 
5. RESULTS        36 
6. DISCUSSION        51 
7. CONCLUSION       63 
8. BIBLIOGRAPHY       65 
9. APPENDIX         70 
 
 
 
 
 
 
  
 iv 
 
List of tables  
Sl 
no. 
Table no. 
in text 
Table name  Page 
No. 
1 1a Participant demographics and standardized test scores 
from                             
Expressive Vocabulary Test, Sentence Formulation 
subtest of CELF, Test of Non-Verbal Intelligence and 
Forward and Backward Digit span 
21-23 
2 1b Mean and SD from EVT standardized score (EVT std), 
Sentence Formulation, TONI, Digit Forward Span, Digit 
Backward Span, EATQ for CWS and CWNS   
23 
3 2 Mean and SD for SIT for Single, Dual task average, Dual 
task Rhyme, Dual Task Shape 
37 
4 3 Summary Table for Analysis of Variance for Task, Group 
and significant interactions for SIT values across groups 
38 
5 4 Mean and SD values for Rhyme judgement task for CWS 
and CWNS 
42 
6 5 Mean and SD values for shape judgement task for CWS 
and CWNS 
44 
7 6 Summary Table for Analysis of Variance for Domain, 
Complexity, Group, and Significant Interactions 
44 
8 7 Percent Sentences Disfluent for the single, rhyme dual, 
and shape dual condition (values in %)  
 
48 
 v 
 
9 8 Percentage syllable stuttered for single, dual rhyme, and 
dual shape conditions (values in %) 
 
49 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 vi 
 
List of figures 
Sl 
no. 
Table no. 
in text 
Table name  Page 
No. 
1 1 Line drawings representing S-V-O sentences (e.g., The cat 
is chasing a mouse) 
27 
2 2 Shape stimuli used in the study: a) Simple Shape b) 
Complex Shape 
28 
3 3 Representation of shape complexity (simple and complex) 
with target responses 
29 
4 4 Representation of a single trial in a Sentence Production + 
Rhyme Judgement Dual Task, ISI= interstimulus interval 
31 
5 5 Schematic representation of dual task Presentation 
protocol 
32 
6 6 Whisker plot representing group differences in single and 
dual task Sentence Initiation time (ms) for CWS and 
CWNS 
39 
7 7 Errors in sentence production for CWS and CWNS for 
single, Rhyme dual and Shape dual condition  
40 
8 8 The Response Time for Rhyme Judgement in single vs 
dual task conditions 
41 
9 9 Response time for Shape Judgement for single and dual 
task conditions 
43 
10 10 Errors from the Rhyme single and Rhyme dual conditions 
for CWS and CWNS 
46 
 vii 
 
11 11 Errors from the Shape Judgement task for the single and 
the dual task conditions 
47 
12 12 Percent sentences disfluent for single, dual Rhyme and 
dual Shape conditions 
48 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
INFLUENCE OF COGNITIVE VARIABLES 
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Influence of Cognitive Variables on Sentence Production in  
School-Age Children who Stutter 
 Speech is a highly voluntary process with several components of both automatic 
and controlled cognitive processes interacting during various levels of speech production. 
Parts of the speech production requires activation of the schemas by passively paying 
attention, which in turn mediate a series of actions. This is termed as automatic 
processing. On the other hand, controlled processes determine the degree to which the 
automatic processes affect a behavior by maintaining, enhancing or inhibiting activation 
during a behavioral task (Barrett, Tugade & Engle, 2004).   The cognitive processes that 
may play a role in speech and language processing include attention, working memory, 
and executive function. These processes are employed in different capacities during the 
different stages of language formulation through the levels of speech motor execution. 
The aim of the study described in this dissertation is to investigate the effects of domain 
specific resources (namely, working memory) on sentence production in children who 
stutter (CWS) and children who do not stutter (CWNS).  
Cognitive Processes Involved in Speaking 
 Given that speech is a controlled and goal directed task, selective attention is 
important to speech and language processing. Attention is a broader construct in the 
cognitive control of several behaviors and performances. The role of attention is to orient 
to a sensory stimulus, maintain focused attention to the sensory stimulus, and finally, 
suppress the competing irrelevant information (Posner, 1990). In this capacity selective 
attention serves a significant role in language processing by helping maintain attention 
during speech and language processing and suppress irrelevant activations during the 
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processing of semantic and syntactic formulation. Based on the dual process theory of 
attention, the components of attention are automatic and non-automatic. The automatic 
processes of attention are stimulus driven (i.e bottom up) whereas the non-automatic 
processes are hierarchical, goal directed (i.e. top down) in nature (Barrett, Tugade, & 
Engle, 2004). Given that speech tasks are highly interactive, it is likely that the act of 
speaking makes use of both bottom up and top down processes. 
 Another cognitive component that has been discussed in the speech and language 
literature is working memory (WM). WM can be defined as a system of components that 
temporarily retains a finite amount of information in a “state of heightened accessibility” 
that is used in the ongoing processing of most types of communication and problem 
solving (Cowan, 2017). Based on the definitions of WM, the highlight of its functions is 
to simultaneously store information and process new incoming information.  WM plays a 
significant role in all higher level cognitive tasks such as comprehension of complex 
sentences, mentally rotating unfamiliar geometric figures, and problem solving via 
reasoning (Shah & Miyake,b 1996).   
 Theories of working memory vary minimally in the subcomponents of the 
working memory system and their functions in speech and language. A prominent theory 
that demonstrates resource modularity is reflected in the Baddeley’s multicomponent 
model of working memory (Baddeley, 1986). According to this model, working memory 
capacities are highly modular in nature, i.e each component of the working memory has 
independent functions. Baddeley’s model incorporates the concept that working memory 
is divided into two major components. These are the phonological loop and the 
visuospatial sketch pad. The phonological loop plans articulatory and phonological 
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processing; whereas, the visuospatial sketch pad is involved in the control of visual 
processing. These working memory constructs are then controlled by a central executive 
process, which helps in allocating cognitive resources for maintaining the components in 
the individual working memory store. This idea of a central control process also appears 
in other models where the central executive in Baddeley’s model is very similar to 
supervisory attentional system proposed by Norman and Shallice (1986). They defined 
the supervisory attentional system as a cognitive tool based on executive functioning and 
attentional control that helps in selective activation of “schema” or scripts, which 
specifies an individuals’ response   It has been postulated that the central executive helps 
in allocating selective attention across various tasks (Conway, Kane, & Engle, 2003).  
 Separability of verbal and visual sub-systems in working memory has been the 
central tenet of domain specific theories of WM. The basic premise of these theories are 
that, tasks in verbal and visuospatial domain rely on distinct cognitive resources such that 
when two tasks occur concurrently in verbal domain or visuospatial domain a greater 
interference is seen (Cocchini, Logie, Sala, MacPherson, & Baddeley, 2002); however 
little or interference is seen between verbal and visuospatial tasks, in dual task. However 
alternative theories (domain general theories) support the assumption that there exists a 
finite pool of general cognitive resources that aid in the performance of various tasks 
(Barrouillet, Bernardin, Portrat, Vergauwe, & Camos, 2007; Vergauwe, Barrouillet, & 
Camos, 2010), and that irrespective of task domain, in presence of a secondary task, 
performance decrements are noticed. The question thus arises, to what extent is speech 
controlled by the domain general and domain specific resources. Furthermore, it is 
equally important to evaluate if working memory components are shared in a modular 
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(domain specific) or non-modular (domain general) manner, and to what capacity do 
these processes govern speech and language planning and production in CWS.  
 One way to investigate the role of cognitive processes in speech planning is 
through dual task studies. In a dual task study design, examiners ask participants to 
perform a primary task while performing an additional secondary task concurrently. This 
leads to increases in cognitive load which in turn results in decrease in task performance 
either in response time and accuracy that : an effect that is known as dual task cost. The 
following section discusses evidence from the dual task literature that supports the 
domain specific (modular) and domain general (non-modular) theories. 
Evidences for Domain Specific Theories 
 The idea that the working memory (WM) capacity is domain specific originates in 
Baddeley’s model. According to this model, there are separate pools of cognitive 
resources for each WM subcomponent, and that subcomponents do not share resources. 
By that account, the finite working memory resources are domain specific or modular in 
nature. Various studies have demonstrated that resource sharing for tasks in the verbal 
domain are independent of interference from tasks in the visuospatial domain. Some of 
the earlier dual task studies that have investigated these constructs have evaluated several 
tasks of verbal and visual maintenance combined with word repetition (verbal) or tapping 
at the corners of a shape (visuospatial). They found that when the secondary tasks were 
presented in the same domain (e.g., two language tasks), the dual task cost observed were 
high, but when the tasks were presented in different domains (e.g., a language and a 
visual judgement task) the individuals showed little or no interference (Baddeley and 
Liberman, 1980; Baddeley & Logie, 1999; Bayliss, Jarrold, Gunn, & Baddeley, 2003). 
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Such findings support the domain specific hypothesis, which postulates that the cognitive 
resources of the different WM subcomponents are separated. 
 Additional support to domain specific resource theory comes from the findings of 
Shah and Miyake (1996) who evaluated young adults on complex span tasks. The 
participants performed complex span tasks in both the verbal and visuospatial domains. 
They, then, correlated the performance of the complex span task to their verbal and 
quantitative scores on SAT test. They found that the verbal span task correlated well with 
the verbal SAT score and the visuospatial task correlated well with the SAT quantitative 
score. In contrast, verbal span scores did not correlate with the quantitative SAT scores 
and visuospatial span scores did not correlate with the verbal SAT score. The researchers 
concluded that when processing the complex span task, the working memory capacity 
was highly modular and utilized domain specific components. 
 Strong evidence was found in support of the multicomponent or domain specific 
hypothesis of WM in a study that evaluated the performance of young adults on tasks of 
perceptuomotor tracking, and verbal and visual processing (Cocchini, Logie, Della Sala, 
MacPherson, & Baddeley, 2002). The researchers combined these task types into dual 
task conditions. The results revealed no significant effect of the secondary task on the 
primary task performance. The authors interpreted this as clear evidence that when 
processing takes place in domain specific components of WM then task performance is 
unaffected by the additional load because the cognitive resources are not shared. In the 
same study, the authors further examined performance on articulatory suppression that 
was performed in concurrence with digit recall task. For this task, the participants were 
instructed to repeat a monosyllabic word twice per second for 15 seconds and their rate of 
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articulation was measured in single and dual task and found that there was a significant 
dual task cost, in terms of performance accuracy and duration for the secondary verbal 
task. Thus, when the tasks were loaded in the same domain the authors found that the 
effect of the dual task was significant. These two findings offer clear support for the 
domain specific hypothesis and the concept of resource modularity. 
 In a related study, Dromey and Benson (2003) examined lip movement variability 
in response to dual task conditions. The participants were asked to perform motor, 
cognitive, and linguistic tasks and their lip movement variability was measured during 
the tasks. During the experiment the participants’ lip movements for lower and upper lip 
as well as jaw displacements were recorded using a cantilever beam apparatus for the 
primary verbal task. The secondary tasks were in cognitive, motor and linguistic domain.  
The results revealed that when the motor task occurred in the dual task conditions, the lip 
movement variability was low. For tasks that were in the same domain, lip movement 
variability was high. These results demonstrate that lip movement variability increases 
when the concurrent task draws resources from the same component of WM, but not 
when it draws resources from a different component. These studies provide evidence that 
WM resources are modular and domain specific and when two tasks are in verbal domain 
the performance decrements are greater.  
Evidence for Domain General Theories 
 Proponents of the domain general model suggest that the cognitive pool of 
resources is limited and that in an event of concurrent task condition the tasks are 
prioritized and resources are allocated non-simultaneously (Barrouillet et al., 2007; 
Camos, Lagner, & Barrouillet, 2009). Most of the domain general theories define 
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executive attention as a finite cognitive construct that controls lower-level resources such 
as working memory, by effectively allocating attention during dual task. The constructs 
of the domain general theory are formalized in the Time-Based Resources Sharing 
(TBRS) model (Barrouillet et al., 2007). The basic premises of this model stems from the 
idea that performance in dual task conditions are worse than performance in single task 
condition regardless of task type.  
 Subsequent research has conformed to the ideas of domain general hypothesis that 
highlights the role of executive attention and supports the hypothesis of non-simultaneous 
processing of concurrent tasks. Barrett, Engle and Tugade (2004) reviewed the attention 
and dual task literatures and posited that, across participants, there are differences in 
working memory capacity (WMC) that predict performances in dual task conditions. 
Working memory capacity is measured using complex span tasks, that engage the 
executive function component of working memory, since the participants are required to 
keep the information in a heightened state of accessibility while performing these tasks. 
Thus, any difference in task performance in complex span task represent the efficiency of 
the executive attention in maintaining the accessibility of behavioral tasks. The authors 
proposed that the differences in WMC are due to differences in executive attention, and 
thus differences in tasks. They attributed differences in performance to difference in the 
ability to effectively allocate attentional resources in an event of competing tasks and 
time pressure.  
 Barrouillet, Bernadin, Portrat, Veragauwe and Camos (2007), examined the effect 
of dual tasking on the performance of individuals. They examined the effects of stimulus 
retention/maintenance on response selection in a reaction time task. They made use of 
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parity and location judgement tasks in verbal and visuospatial domains, respectively. 
They found that irrespective of the task domain, the dual task cost was high, as reflected 
in the response selection pattern, in terms of longer reaction times. They also found that 
the verbal retention and storage task may have been more challenging than the location 
retention task. However, the most important result from their study was that performance 
in the dual task condition was significantly worse than in the single task condition. This 
was a strong support to the resource sharing, domain general hypothesis. 
 Oomen and Postma (2003) evaluated the presence of disfluencies (filled pauses) 
in speech in 
young adults in a verbal task, which was concurrently loaded with a tactile form 
recognition task. They found that compared to the single task condition, the dual task 
condition yielded many more filled pauses irrespective of that fact that the dual task was 
in entirely different domain. This is evidence that despite domain differences, dual task 
costs were noticed in the participants in the form of increased disfluencies in the verbal 
domain. This shows that cognitive loading interferes with task processes across domains. 
In another related study (Vergauwe, Barrouillet, & Camos, 2010), researchers examined 
the effects of varying cognitive load on dual task performance. In this study the 
participants performed tasks that evaluated verbal and visuospatial processing and 
storage. They conducted four separate experiments with dual tasks in both visuospatial 
and verbal domains. They varied the cognitive load across the two conditions. These 
results revealed that irrespective of the task domain, the participants showed higher dual 
task costs. The fact that the visuospatial task interfered with the performance of the 
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verbal task were indicative of the fact that the individuals were sensitive to the effects of 
cognitive loading irrespective of the task domain. 
Domain General and Domain Specific Hybrid Theories 
 Although evidence from the above studies strengthen the domain general 
hypothesis, there are some studies that examine the interaction of the domain general and 
domain specific resources within a dual task, depending on the nature of resources 
involved for the tasks. 
 In a study that evaluated working memory constraints in storage and processing 
capacities of dual task using complex span tasks (Bayliss et al., 2003), researchers found 
evidence that even though finite resources like attention play a large role in predicting 
working memory constraints, certain cognitive resources are still modular in nature. The 
study examined complex span performances in children and adults and evaluated their 
performances on processing and storage measures. To perform complex span tasks, the 
participants are required to access online processing (such as mental arithmetic or 
reading) as well as maintain or store some amount of this information in temporary store 
for subsequent recall. The tasks in this study individually examined the online processing 
and temporary storage capacities in healthy adults.  The results revealed that performance 
on these tasks was independently affected by domain specific storage capacity, which 
may be influenced by domain general processing functions such as attention. Hence in a 
that involves processing and storage it is likely that both domain general and domain 
specific components play a role.  
In another related study, Camos, Lagner, and Barrouillet (2009) evaluated 
attentional refreshing and articulatory rehearsal in dual task paradigm. In context of the 
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present study, articulatory rehearsal was posited to be a subcomponent of the 
phonological loop from Baddeley’s model of working memory that contributed to 
efficiency in producing words of increasing length, and attentional refreshing was defined 
as refreshing “memory traces” through focusing attention, that kept the trace in a 
temporary state of activation to satisfy task demands.  The investigators hypothesized that 
articulatory rehearsal process was linked to the Baddeley’s articulatory/phonological 
loop, whereas the attentional refreshing was related to Barrouilet et al’s model of 
attention and resources sharing. Based on the results, these authors concluded that the 
resources employed for articulatory rehearsal and attentional refreshing were 
independent. However, in dual task, they do operate jointly for smooth task execution. 
Others have extrapolated their findings to conclude that for verbal tasks both attentional 
refreshing and articulatory rehearsal is employed, whereas in visuospatial tasks only 
attentional refreshing plays a role (Vergauwe et al., 2010). 
 Based on this evidence, it is unclear how resources are allocated for different 
speech tasks. While there are strong arguments from the multicomponent modular 
theories, it is also extremely likely that resource allocation is entirely dependent on the 
specific speech task, which may vary in automaticity, task demand, and processing need. 
Furthermore, more information is needed to better understand the processing?? Skills of 
individuals who have speech and/or language problems. The following section reviews 
research focused on the processing skills of individuals who stutter. 
Dual Task and Stuttering 
 Stuttering is a complex multidimensional neurodevelopmental disorder that is 
characterized by disfluencies and involuntary disruptions in the normal flow of speech 
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(Ambrose & Yairi, 1999).  Stuttering, as a condition, has been proposed to be vastly 
multifactorial, with complex, nonlinear interactions of motor, linguistic, and emotional 
factors (Smith, 1990, 1999; Smith & Kelly, 1997; Smith and Weber, 2017). There are 
several studies that indicate limited availability and insufficient allocation of cognitive 
resources (including working memory and attention) in individuals who do stutter. 
Researchers have evaluated the causes and constructs of stuttering and the most current 
theories describe stuttering as a multifactorial in nature, with multiple components that 
contribute to its occurrence. Based on these findings, it is fair to postulate that although 
stuttering may present itself primarily as a speech disorder with behavioral 
manifestations, research has proved that it is multidimensional in nature and has 
behavioral, cognitive, and emotional consequences to the individual (Yaruss, 1998). 
Evidence also suggests that individuals who stutter may have specific difficulties in 
language skills (Bosshardt, 2002; Jones, Fox & Jacewicz, 2012). Thus, in the event of a 
demanding situation, such as performing a second task while speaking, the requirement 
for additional cognitive resources affects higher level language planning to a greater 
extent for individuals who stutter?? (Bosshardt, 2006).  
 Although, dual tasking causes some obstruction in language processing and 
planning (Vergauwe, Barrouillet & Camos, 2009), it is not entirely clear how the nature 
of the second task may affect disfluencies. Existing research in stuttering has suggested 
that adults who stutter perform worse than their fluent peers on the secondary task in a 
dual task situation. Bosshardt (1999) examined dual task effects in adults who stutter. He 
asked the participants and matched controls to perform mental calculations while 
simultaneously performing a word repetition task. The dependent variables were task 
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accuracy, inhalation rate, and stutter events. He found that the groups did not differ 
significantly in task accuracy. In terms of the disfluency, he noticed that prior to the 
beginning of the secondary task there was marked decrease in disfluency in the primary 
task. However, when the secondary task was being performed, there was an increased 
amount of disfluency, establishing the effect of the dual task. The author concluded that, 
the expectation of the secondary task mobilizes additional cognitive resources but during 
the process of actual cognitive loading, the individuals are unable to deploy enough 
cognitive resources resulting in disfluencies.  
 In another study to evaluate the occurrence of disfluencies in the presence of a 
concurrent cognitive task, Bosshardt (2002), examined silent reading with concurrent 
rhyme judgement tasks by individuals who stutter. The words in the rhyme task were 
either phonologically similar or dissimilar. There was an increase in stuttering and 
stuttering-like disfluencies when the words were phonologically similar compared to 
when they were not. This study showed an effect of cognitive loading in the same 
domain, one specific to the phonological characteristics of the stimuli.  
 In a related study, Bosshardt Ballmer and DeNil (2002) examined adults who 
stutter (AWS) in a sentence generation task. The participants performed either a category 
or rhyme judgement task as a secondary task. The dependent variables were task 
accuracy, response time, disfluencies, rate of speech, and number of propositions in each 
sentence. The results revealed that there was no significant difference in the AWS and the 
matched controls in task accuracy or fluency. There was a fluency benefit, that is no extra 
disfluencies were noted in AWS group. However, this was also accompanied by 
significantly fewer propositions in the  primary sentence production task. Thus, even 
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though the AWS did not show a dual task cost in terms of increased disfluency in the 
dual task condition this came at the cost of sentences that were shorter and less complex 
(Bosshardt, Ballmer, & de Nil, 2002). 
 To examine the effects of dual task and disfluencies, Vasic and Wijnen (2005) 
examined the effect of dual tasking on the frequency of a subtype of stuttering-like 
disfluencies: blocks. They found that in presence of a dual task condition, the AWS 
became increasingly fluent and produced less blocks than in a single task condition. The 
investigators concluded that in presence of dual task conditions, AWS perform better 
monitoring of the pre- speech schema and therefore are more fluent. Their findings 
indicated that. in dual task conditions AWS show a longer response time.  
 In a more recent study (Eichorn, Marton, Schwartz, Melara, & Pirutinsky, 2016), 
researchers evaluated the effect of WM loading on speech fluency through dual task in 
AWS and controls  They tested the groups across verbal and spatial tasks. Their results 
revealed that all speakers showed similar fluency benefits and decrements in WM 
accuracy in dual-task conditions. The lack of a differential effect by WM domain 
indicated that similar fluency changes occurred regardless of the nature of the stimuli 
being processed in WM thereby proving support for the domain-general hypothesis. 
Fluency effects were specific to atypical forms of disfluency and were comparable across 
WM-task manipulations. Changes in fluency were accompanied by reductions in 
speaking rate but not by corresponding changes in overt errors. Findings suggest that 
WM contributes to disfluencies regardless of stuttering status and that engaging WM 
resources while speaking enhances fluency. However, the high task accuracy and the fact 
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that the stimuli were not well matched, may have contributed to a lack of domain effect 
in their study.  Task automaticity may have been a confound impacting the study results. 
 Bosshardt (2006) reviewed the dual task literature in stuttering and concluded that 
the people who stutter tend to show a dual task effect in concurrent loading conditions. 
These effects seem to be more pronounced when the tasks were related and occurred in 
the same domain. He concluded that the extent to which the dual task costs can be seen in 
adults who stutter will depend on the way the speech formulation is “encapsulated” i.e 
has a modular organization in these individuals. If they are not well encapsulated, they 
are more vulnerable to interferences from central processes and cognitive loading. This 
evidence supports the finding that individuals who stutter are at a greater disadvantage 
and show larger dual task costs in presence of a secondary task. However, in most of the 
studies these effects have either been reported in the primary task or the secondary task 
and it is not clear to what extent the dual task costs are seen in adults who stutter across 
both the tasks.  
 Dual task studies in children who stutter. Even though dual task studies 
establish clear interference effects in adults who stutter, little research has focused on 
CWS Bosshardt (2006), rightly points out in his review that a limitation of the dual task 
literature in stuttering is that most of the evidence of cognitive load induced performance 
deterioration comes from the evidence in adults who stutter. He further postulates that 
“processing overload can reasonably be considered a causal factor in the development of 
stuttering” (p. 382). However, little is known about the effect of dual task in CWS. To 
our knowledge, only the following two studies have evaluated dual task effects in CWS  
 15 
 
 One of the earliest studies that examined dual task abilities in children, evaluated 
hand tapping in single task and dual task conditions, with speech production as the 
secondary task. There were four different speech production tasks with varying 
complexity: a) vocalizing a sound, b) naming a picture c) producing a phrase and d) 
telling a story. The results revealed rate of hand tapping decreased with increasing dual-
task demands (Brutten & Trotter, 1986). The authors concluded that CWS had a “less 
robust” neuromotor system. Surprisingly, the authors did not discuss performance of the 
CWS in the secondary (speech production) task. Based on these results, it is unclear how 
presence of a simultaneous task affects speech production in the younger population.  
 The only other published study to examine dual tasking in CWS evaluated 
phoneme monitoring abilities in dual tasking in school going children who stutter 
(Sasisekaran & Basu, 2017). The participants included 32 CWS and matched controls 
who performed a phoneme judgement primary task and tone decision secondary task. The 
phoneme judgement task was manipulated for complexity, and the stimulus onset for the 
secondary task was also manipulated to induce additional challenged to the task. The 
effect of dual task was measured in term of response times for the primary and secondary 
tasks as well as task accuracy. The study results revealed that CWS showed variable 
performance in phoneme judgement in a phoneme – tone decision task. While their 
performance on the primary phoneme monitoring task was not significantly different 
from typically fluent children, CWS were slower and less accurate in the secondary tone 
monitoring task. In a follow-up study from our lab, we examined rhyme monitoring in 
children (manuscript in preparation) in a dual task with tone decision task similar to the 
prior phoneme monitoring task. Children performed rhyme judgement tasks as the 
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primary task with two levels of rhyme complexity (rhyme and replica). CWS were further 
subdivided to two groups based on whether they had co-morbid language or attention 
deficits. Our results revealed a larger difference for the rhyme condition for the CWS 
group. In addition, the errors were higher in two CWS groups as well.  Furthermore, the 
results also showed a significant group difference for the secondary tone decision task. 
 Based on the available research it is not clear if dual task occurs in the language 
domain (performing two language tasks concurrently) or across other domains 
(performing a language task and a visuospatial task), it is uncertain how this might affect 
task performance and the occurrence of disfluencies. Additionally, because very little is 
known about the nature of dual task effects in children who stutter, our understanding of 
cognitive resource allocation in CWS is unclear. This necessitates the need for further 
research to examine the effects of dual tasking in this population.  
 Our prior published research that was conducted at UMN evaluated the effects of 
secondary task in children who stutter and did not find a significant difference in the 
primary task (phoneme monitoring) across the groups (Sasisekaran & Basu, 2017).  
Furthermore, for the rhyme monitoring dual task CWS exhibited some evidence of 
reduced automaticity and greater dual task costs. Given these findings at speech sound 
(phoneme) and rhyme level performance variabilities in children, it was important to 
evaluate the effects of secondary task at the next hierarchical level of language: syntactic 
planning and production. Since sentence planning requires higher engagement of the 
cognitive -linguistic resources and that sentence planning is less automatic in terms of its 
processing, we were interested to evaluate the effects of a concurrent task on sentence 
production.  
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Current Study 
Selection of dual task paradigm. We selected the current study experimental 
paradigm based on a few theoretical premises. From our understanding of individuals 
who stutter, this study was used to test the assumption that children who stutter have an 
inefficient cognitive planning for speech production. It is therefore likely that in events 
situations with higher cognitive demand, children who stutter will not be as efficient 
(Brutten & Trotter, 1986; Sasisekaran & Basu, 2017) and stuttering will occur as an 
overload of the speech planning system (Bosshardt et al., 2002).  Additionally the nature 
of task demand might predict the level of interference seen on the primary task , where 
tasks competing for similar resources show a greater dual task cost and tasks in different 
modalities can be performed concurrently without affecting primary task performance 
(Cocchini, Logie, Sala, et al., 2002). Considering these conditions, the present study 
incorporated sentence production with a secondary task that placed added demands on 
working memory resources, which was manipulated in domain (verbal and visuospatial) 
and complexity.  Because our prior research did not show a significant main effect on the 
primary task at the phonological and word level, sentence production task was selected to 
elicit group differences between CWS and CWNS. Sentence production requires multiple 
levels of linguistic planning, it is therefore, less automatic.  To add an additional load to 
the primary task, the sentence elicitation cues were varied in voice (i.e., either active or 
passive production). Because earlier studies (e.g. Eichorn et al., 2016) revealed that task 
simplicity and automaticity can cloud group differences, two levels of complexity were 
added to both the verbal and visuospatial task to adequately manipulate the cognitive 
loading effects.  
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Significance. The aim of this basic science research is to investigate the effects of 
dual tasking on sentence planning and production in CWS and age-matched fluent 
speakers. Dual tasking is a phenomenon that is applicable to all situations, and most 
importantly, to speaking. The process of speech production involves efficient sharing of 
domain-specific and domain-general neural resources on an ongoing basis. 
Understanding the implications of dual tasking on disfluencies will help facilitate better 
understanding the factors in speech production that can facilitate fluency. Except for a 
few studies (e.g., Brutten & Trotter, 1985; Sasisekaran & Basu, 2017), most of the 
literature on dual task effects in stutterers involve adults. My research will add to the 
much-needed data on school-age CWS. Within the existing body of research in dual 
tasking and stuttering, to my knowledge no attempt has been made to separate the source 
of the dual task interference effects in children who stutter. The findings from this 
dissertation will contribute to understanding the interaction and vulnerability in domain 
specific working memory and/or the domain general with disfluencies in stuttering.  
Findings will provide a meaningful contribution towards understanding cognitive factors 
of disfluent speech in general and the effects of cognitive – linguistic variables to 
stuttering causality. 
Specific Questions 
 Question 1: Are there differences in single and dual task conditions in sentence 
production? Are there differences in these tasks in CWS vs CWNS? 
CWS and age- and sex-matched CWNS will participate in a sentence production task in a 
single task condition. This task will serve as the baseline comparison for performance in 
the dual task condition. Performance in the single task condition will be followed by a 
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dual task condition with sentence production as the primary task paired with either rhyme 
judgement or shape judgement as secondary task. Given our understanding of cognitive 
loading and cognitive resource sharing (Bosshardt, 2006), we predict that CWS will have 
increased response time and disfluencies in the dual task condition compared to the single 
task condition for the sentence task.  
 Question 2: Are there effects of domain specific vs. domain general task 
condition in sentence production? Are there group differences in performance of these 
tasks? 
The second aim of this study is to examine how domain-specific and domain-general dual 
tasks affect sentence production. The domain-specific task (i.e., rhyme task) will be used 
to assess the efficiency of use of cognitive resources that are shared by the two language 
tasks in the dual-task (e.g., syntactic + rhyme), while the domain-general task will be a 
shape task that will be used to assess those resources that are shared by both the tasks 
(e.g., vs. syntactic + visuo-spatial; re: Baddeley & Hitch’s model of Working Memory, 
1974).  
 Given that syntactic planning is sufficiently complex, I hypothesize that 
performing syntactic production concurrently with other verbal (domain specific) or 
nonverbal tasks (domain general) may have varying influences on CWS compared to 
those who do not stutter. My predictions are that CWS will show greater dual task costs 
for the rhyme task in the dual task conditions in terms of response speed, accuracy, or 
disfluencies.  Furthermore, the effects of the secondary task in on the primary task will 
reflect differences in modular vs non- modular representation of WM resources in CWS.   
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Method 
Study Design 
 Participants. 14 Children who stutter (11 Males, 3 females; Mean Age: 12. 69 
yrs., SD = 2.24) and 15 children (11 males and 4 females; Mean age: 12.48 yrs., SD = 
2.37) who do not stutter in the age range of 9 to16 years participated in this study. All 
participants were native English speakers. Children who stutter were recruited from the 
local chapter of National Stuttering Association and from a participant database at the 
Julia Davis Center in the Department of Speech-Language-Hearing Sciences and the and 
Fluency Lab at University of Minnesota. Children who do not stutter were recruited 
through fliers posted around the university campus. All participants were screened to rule 
out hearing loss and had audiometric thresholds that were less than 15 dBHL for pure 
tones at 500 Hz, 1 KHz, 2KHz and 4KHz. Participants in the CWS group reported 
stuttering as their only speech and language diagnosis. Parents of participating children 
responded to a screening form to rule out additional motor or neurological disabilities. 
Additionally, all parents responded to the Early Adolescent Temperament Questionnaire-
Revised (Ellis & Rothbart, 1999) to obtain information on executive function skills, 
including attention. All children were instructed to read a standardized reading passage 
(Rainbow passage/Arthur the Rat) to rule out any peripheral reading issues. 
 Standardized Tests. Children in both the groups were administered several 
standardized tests prior to administration of the experimental protocol. All participants 
were tested on standardized language and IQ tests to ensure age appropriate performance. 
The participants were tested on Expressive Vocabulary Test (EVT-2; Williams, 1999) to 
ensure age appropriate vocabulary. Participants also completed the Sentence Formulation 
subtest of the Clinical Evaluation of Language Fundamentals – 5th Ed (CELF-5; Semel, 
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Wiig & Secord, 2013) to ensure age appropriate sentence production skills. In addition, 
the Test of Non- Verbal Intelligence – 4 (TONI 4) (Brown, Sherbenou & Johnson, 2010), 
and forward and backward digit span subtests from the Weschler Intelligence Scale for 
Children – IV were administered. The purpose of these assessments were to rule out non-
verbal intelligence, working memory and short-term memory impairments. Additionally, 
the children were screened on their rhyming ability using an informal test of word and 
nonword rhyming, and the purpose of this assessment was to ensure rule out impairments 
in rhyming abilities.  
All the participants completed standardized testing that was done for expressive 
vocabulary, non-verbal intelligence and digit span task and sentence formulation. The 
scores from the digit span indicated the participant’s efficiency in the forward and 
backward span tasks and a higher score in these tests indicated a better performance.  The 
results are mentioned below in Table 1a and Table 1b. Comparison of means revealed no 
significant group differences for any of the standardized test values (p > 0.05) 
Table 1a 
Participant demographics and Standardized test scores from Expressive Vocabulary Test, 
Sentence formulation subtest of CELF, Test of Non -Verbal Intelligence and Forward and 
Backward Digit span.  
Subject ID Age/Se
x 
EVT 
Std 
Sentence 
Formulation 
score 
TONI Digit 
FW 
Digit 
BW 
EAT
Q 
Stuttering 
severity 
CWNS1 14.5/m 105 47 109 - - 3.8 NA 
CWNS2 9/m 112 38 108 - - 3.4 NA 
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CWNS3 10/f 126 47 112 - - 3.8 NA 
CWNS4 10.m 124 47 114 8 6 2.6 NA 
CWNS5 16.9/m 124 48 102 9 3 3.3 NA 
CWNS6 12.5/m 129 48 115 9 3 3.4 NA 
CWNS7 13.7/f 115 48 111 12 8 4.3 NA 
CWNS8 16y/f 124 48 105 10 6 4 NA 
CWNS9 14.2/M 102 48 103 12 7 3.1 NA 
CWNS10 10.3/M 108 42 110 11 4 3.8 NA 
CWNS11 12./F 114 48 110 12 5 3.8 NA 
CWNS12 12.6/M 122 48 104 11 6 3.8 NA 
CWNS13 10/m 100 45 106 9 4 2.6 NA 
CWNS14 12.3/m 102 48 104 10 7 3.6 NA 
CWNS15 14.2/M 108 48 108 10 9 3.2 NA 
CWS1 13.9/M 139 48 103 10 4 4.1 severe 
CWS2 15.7/m 106 46 105 
  
3 mild 
CWS3 15.2/F 130 48 105 11 5 3.7 mild 
CWS4 10/M 128 48 130 8 6 3.1 mild 
CWS5 13.1/F 113 48 100 12 6 3.4 mild 
CWS6 9/M 107 41 111 8 2 3.2 mild 
CWS7 15/M 110 48 125 9 5 4.3 moderate 
CWS8 12.5/M 133 48 105 9 5 4 mild 
CWS9 15/M 97 47 100 9 5 2.6 mild 
CWS10 11/M 113 47 108 8 4 3.2 mild 
 23 
 
 
Table 1b. 
Mean and SD from EVT standardized score (EVT std), Sentence Formulation, TONI, 
Digit Forward Span, Digit Backward Span, EATQ for CWS and CWNS 
 
EVT Std 
 
Sentence 
Formulation 
 
TONI 
Digit FW 
 
Digit 
BW 
 
EATQ 
 
CWS 116.14(12.
73) 
46.93 (1.90) 109.71(9.4
3) 
9.85(2.23) 4.85(1.6
7) 
3.39(0.
51) 
CWN
S 
114.33(9.9
) 
46.53 (2.87) 108.07(4.0
0) 
10.25(1.3
5) 
5.67(1.9
2) 
3.50(0.
48) 
* p > 0.05 
 
Tasks 
 The study consisted of three single task conditions – sentence production, rhyme, 
judgement,  shape judgement tasks, and two dual-task condition (sentence production + 
rhyme judgement or sentence production + shape judgement). The single task conditions 
CWS11 12.5/F 124 48 123 16 9 3.3 moderate 
CWS12 12/M 104 46 107 10 5 2.8 mild 
CWS13 13/M 104 48 105 10 4 3 moderate 
CWS14 9.6/M 118 46 109 8 3 
3.8 
moderate-
severe 
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were administered prior to the dual task conditions with several breaks interspersed 
within testing. The following is a description of the single and the dual tasks. 
            
Single Tasks  
 Sentence Production Single Task. The sentence production task was the central 
and primary task for the study. During this task, the participants were required to 
produce sentences in four blocks consisting of an equal number of active and passive 
sentences. Within each block, 16 black and white line drawings that represent the S-V-O 
(Subject-Verb-Object) sentences were presented on one half of the computer screen. 
Participants were asked to produce a sentence that best described each picture. Each line 
drawing was preceded by a color-coded rectangle as a cue to elicit active or passive 
sentences: a red rectangle for active, blue rectangle for passive and white rectangle for 
neutral Additionally, 10 pictures with a neutral cue (white rectangle) were also presented 
within each block. The neutral cue was used to required participants to produce either an 
active or a passive sentence. Each block thus had a total of 26 trials (8 active, 8 passives, 
and 10 neutral sentences). Each line drawing, that was used as stimuli, was presented 
twice within a block and associated with an active or a passive cue.  
 Rhyme Judgement Single Task. Each block of this task consisted of 26 trials. 
Each trial started with a short cue tone which was followed by three words presented 
consecutively. The words were displayed in the center of the top half of the screen. Each 
word was displayed for a duration of 1000 ms and the subsequent word appeared after 
an inter-stimulus interval (ISI) of 50 ms. After the presentation of the three words, the 
participant pressed a button on the response box to indicate “yes” or “no” to the 
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presence/absence of a rhyme match between any two of the three words. The trials had 
an equal number of yes/no responses within a block and such responses were 
randomized. The trials in Blocks 1 and 2 were a repeat condition where two of the three 
words were the same (e.g., great-pear-great) for the participants to respond “yes”; or all 
3 were different for the participants to respond as “no”(hair-own-book). For Blocks 3 
and 4, the participants had to decide whether two of the three words rhymed for the 
“yes” trials (e.g., bear-tone-hair vs. bead-blood-bread).  
 Visual Shape Judgement Single Task. The Shape Judgment task also had four 
blocks where Blocks 1 and 2 required the participants to do simple shape matching and 
Blocks 3 and 4 required participants to make category judgements. Each block had 26 
trials. The beginning of each trial was indicated by a brief tone followed by the first 
shape, with the second and third shapes presented subsequently. The shapes were 
displayed for 1000 ms and the ISI was 50 ms. The participants were instructed to judge 
whether two of the three shapes they saw were same. For Blocks 1 and 2, the targeted 
“yes” response occurred when two out of the three shapes presented, were a replica, and 
when all shapes were different, the target response was “no”. For Blocks 3 and 4, the 
stimuli were complex and simple shapes and the participants were instructed to identify 
if two of the three shapes that they saw were complex. If the participants judged that two 
of the three shapes belonged to the complex category, they indicated “yes”; if only one 
or none of the shapes were complex, they indicated “no” on the response box (see 
Figure 3) The last shape was followed by a blank screen until the subject responded. 
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Stimuli  
Three sets of stimuli were prepared corresponding to the three tasks in the study – 
sentence production, rhyme judgement, shape judgement.  
 Sentence Task (Primary Task in the Dual Task). The stimuli for the sentence 
task comprised 32 line-drawings of simple sentences. These sentences had a simple 
subject-object verb (S-V-O) structure. Each line drawing was 3 to 4 inches in maximal 
linear extent. The sentences were associated with cues for producing either an active or 
passive voice and required participants to generate an active sentence when the task 
presented a red rectangle, and a passive sentence when the line drawing was preceded by 
a blue rectangle. Moreover, 10 additional line drawings were selected to be used as foil 
sentences, that also had a similar S-V-O structure. The foils were used to elicit the 
sentence type used more frequently and required participants to produce either an active 
or passive sentence. The line drawing corresponding to each sentence was used twice to 
generate both an active and passive voice sentence. Figure 1 is an example of a line 
drawing that was used as stimuli for the sentence task.  
Fifty sentences and the corresponding line drawings were created and tested for 
validity of response accuracy on 8 typically fluent adults and one adult who stutters, to 
establish that the participants correctly identified the subject, object, and verb depicted in 
the line drawings. The responses from the adults were analyzed for errors and the 
responses from the adults who stutter was analyzed for errors and response time. All 
participants were familiar with the pictures. The participants had an average of 5.65 
within the 50 sentences. The mean response time (RT) obtained from the adult stutterer 
was 1.97s (Range = 4.33s – 1.22s). Based on these responses, 32 line- drawings that had 
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the most consistent responses across participants were selected. The error responses were 
used further to recreate some of the line drawings corresponding to the sentences and 
shapes corresponding to a representative sentence. All stimuli used in the study are 
included in Appendix 1a.  
Figure 1. Line drawings representing S-V-O sentences (E.g.: The Cat is Chasing a 
Mouse) 
 
 
 
 
 
  
 Rhyme Judgement Task (Secondary Task in the dual task). For the rhyme 
task, stimuli lists were obtained from Weber-Fox, Spencer, Cuadrado and Smith (2003). 
The words were varied in their rhyme and orthography to manipulate task complexity. Of 
the four total blocks, the first two blocks consisted of simpler repetitive rhyme pairs (e.g., 
Rhyme: Great – Pear-Great/ No Rhyme: Great – Pear- Phone) and the remaining were 
complex and varied in orthographic and phonologic congruence (e.g., Rhyme: Air – Pear-
Phone/ No Rhyme: Bead-bread-own).  
 Visual Shape Judgement Task (Secondary Task in the dual task). Figure 2 
shows a simple shape and a corresponding complex shape derived from the simple shape. 
The aim of the task was to judge if two of the three shapes presented were either same or 
belonged to the same category. To create the stimuli for the shape task, 32 shapes were 
 28 
 
selected from an initial pool of 100 shapes. Two blocks of the shape task consisted of 
simpler shapes and the other two were manipulated to create a set of complex shapes. The 
complex shapes were derived from basic shapes by manipulating the outline of a simple 
shape. Each shape was between 2 -3 inches in maximal linear dimension. Because the 
shape task was meant to engage visuospatial cognitive resources, all the shapes were 
tilted on their axis between 20 to 120 degrees to enhance the visual shape judgement 
decision and to remove additional lexical (verbal) association while performing the shape 
decisions while also ensuring that the task complexity was not substantially increased 
(Shepard & Metzler, 1971).  Appendix 1b includes the stimuli from the visual shape 
judgement task. 
The stimuli for the shape task were also pilot tested in eight fluent speakers and 
resulted in categorization of the simple vs. complex shapes with 95-100% accuracy and 
indicated easier identification of certain shapes. Based on pilot testing, four lists of 
shapes (two simple, two complex) were selected. 
Figure 2. Shape stimuli used in the study a) Simple Shape b) Complex Shape  
 
 
 
 
 
 
 
 
a) b) 
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Figure 3 Representation of shape complexity (simple and complex) with target responses 
 
 
Dual Tasks  
The dual task condition included the sentence production task as the primary task 
that was either combined with the shape judgment task or the rhyme judgement task. 
The dual task conditions were always administered after the single task condition. All 
the dual tasks also had 26 trials under each block. The rhyme and shape tasks were 
randomized in their order of presentation across participants, and the blocks within each 
task were also randomized. The participants were instructed to start producing each 
sentence as soon as a line drawing appeared on the screen and press the button to 
indicate their choice on the secondary task while saying the sentences. The sample trial 
and dual task presentation protocol is represented in Figures 4 and 5 respectively. 
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 Sentence Production + Rhyme Judgement Dual task. In this dual task condition, 
in addition to the line drawings presented on the lower half of the computer screen, the 
participants also performed the rhyme judgment task by pressing a button on the 
response box to indicate a rhyme match. The first word appeared 900 ms after the 
presentation of the picture and was present on the screen for 1000 ms and the second and 
third word appeared consecutively after a 50 ms inter- stimulus interval (ISI). The 
simple and complex blocks from the task were pseudorandomized.  
 Sentence Production + Shape judgement Dual Task. In this dual task condition, 
participants were shown a series of 3 shapes in the upper half of the computer screen 
along with the line drawings from the sentence task. Like the rhyme task, Blocks 1 and 2 
involved simple shape matching while Blocks 3 and 4 involved complex shape 
matching. The participants pushed a button on the response box to indicate the 
presence/absence of a shape match. The simple and complex blocks from the task were 
pseudorandomized.   
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Figure 4. Representation of a single trial in a Sentence production + Rhyme Judgement 
Dual Task, ISI= interstimulus interval 
 
 
  
 
Familiarization and practice 
Prior to the experiment, each participant was familiarized with the subject, object, 
and verb corresponding to the line drawings corresponding to the target sentences with 
the aim of eliciting 100% accuracy. Furthermore, participants were familiarized with the 
single and the dual task conditions through practice trials. 
 
ISI =900 ms 
ISI =50 ms 
ISI =50 ms 
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Figure 5. Schematic representation of Dual Task Presentation protocol 
 
 
Procedure 
The entire experiment was approximately 3 hours long and was paced by the 
experimenter through the three conditions, including familiarization and practice, single 
task, dual task conditions. The tasks were presented on a Dell computer and programmed 
using the E-prime software ver.3. The presentation of the dual task protocol was similar 
to the protocol used by Bosshardt, Balmer and De Nil (2002). The presentation screen 
was split with the line drawings from the primary task presented in the lower half and for 
the stimuli from the secondary tasks in the upper half. This was followed in both the 
single and the dual task conditions, although the screen space was empty for one half of 
the screen during the single task conditions.  For the primary task the participants were 
instructed such that they produced the sentence verbally as soon as they could after the 
 33 
 
stimulus was presented. For the secondary task, the participants pressed either or two 
buttons on a response box to indicate their responses. For all the tasks the experimenter 
was present in the room and paced the tasks.  
Data Analysis 
The entire session was recorded via a Digital voice recorder and the verbal 
responses were analyzed using PRAAT for reaction time. The sentence task was 
transcribed and noted for errors by the experimenter. Furthermore, the responses from the 
sentence task were coded for speech initiation time, disfluencies, and errors. Speech 
initiation time (in ms) was defined as the time taken from the presentation of each line 
drawing to the onset of the participant’s responses. Disfluencies from the sentence task 
were categorized into stuttering like disfluencies (SLD) and other disfluencies (OD). The 
SLDs consisted of repetitions of syllables, sounds or words (multiple iterations) ( eg l-l-
look); prolongation (llllook); and blocks (l---ook)and the ODs consisted of phrase 
repetitions (the boy is- the boy is), revisions (the boy is- the man is) and interjections 
(um, uh etc) (Yaruss, Newman & Flora, 1999). Two measures of disfluency are reported 
in the results: a) Percent sentences disfluent -which was calculated by taking a percentage 
of the total number of disfluent sentences over the total number of sentences produced; b) 
Percent syllables disfluent- which was measured by taking the percent of the total number 
of disfluent syllables over the total number of syllables produced.  Errors in the sentence 
task included: errors in the active or the passive sentences production, i.e. if the 
participant produced an active sentence for a passive cue or vice versa, it was marked as 
incorrect.  
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Similarly, for the other two tasks, response times and errors were obtained. The 
manual responses from these tasks were recorded in by the E Prime (version 3) program. 
The reaction time for the rhyme and shape tasks were calculated as the time from the 
appearance of the first shape stimulus to the time of the button-press.  
 
Reliability 
The verbal responses from the task was subjected to inter -rater reliability. 
Twenty percent of the data was transcribed by a trained research assistant in the lab for 
errors and disfluency (3 participants from the CWS group and 3 participants from the 
CWNS group). For each subject that was analyzed there were 4 blocks for 3 conditions 
that was compared between each rater, and the results revealed 85 percent agreement 
between the raters for the disfluency and 100 percent agreement for errors.   
Statistical Analysis 
Response time and error from both the groups were obtained for the primary task 
and the two secondary tasks. Log transformation was performed for the response time 
variables of the primary task to meet the assumption of normality and to minimize the 
effects of extreme values and statistical analysis was performed to the transformed data.  
 The response time and error data were analyzed in a mixed-methods repeated 
analysis of variance (ANOVA) with the dependent variable being the group (CWS and 
CWNS), and the independent variables were task (single and dual), domain (shape and 
rhyme) and voice (active and passive) for the primary task and, task, domain and 
complexity (simple and complex) for the secondary task. The covariates for the model 
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were age, standardized scores from EVT, sentence formulation, TONI, Digit FW and BW 
and EATQ. The responses were analyzed based on their level of significance (p- value) 
and effect size (partial eta squared).  
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Results 
 
The study aimed to analyze whether the performance in the single task condition 
was different from that of the dual task condition; if there are differences among the task 
type and differences in performance in children who do and do not stutter.  The results 
from the primary task and the two secondary tasks have been described in the subsequent 
sections.  
Primary Task 
 Sentence Production The primary task for this study was sentence production 
which was done in isolation for the single task condition and combined with either of the 
secondary tasks (dual rhyme and dual shape). The variables computed for task were 
response time, accuracy and disfluency. The disfluency data will be discussed in the next 
subsection. It was hypothesized that for the primary task, 1) Both groups will show an 
effect of secondary task in the dual task condition 1) CWS will show larger dual task cost 
in terms of response time, error and disfluency and 2) CWS will show larger dual task 
costs for Sentence Production + Rhyme Condition than Sentence Production + Shape 
Condition.  
Sentence Initiation Time (SIT). Sentence Initiation Times were computed for 
both CWS and CWNS groups for single and dual task conditions. Any sentence that had 
a sentence initial disfluency was excluded from the SIT analysis.  The mean and SD from 
both groups are represented in Table 2. An additional variable called Dual Task Average 
was created by taking an average of Sentence Production + Rhyme (Dual task Rhyme) 
and Sentence Production + Shape (Dual Task Shape), to evaluate the effect of task. The 
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mean and SD values for the variables are represented in Table 2. The differences in single 
task and average dual task performance has been represented in Figure 6.  
 
Table 2 
Mean and SD for SIT for Single Task, Dual Task, Dual Task Rhyme, Dual Task Shape 
 
Group Single Task 
Mean 
 
Dual Task 
Mean 
 
Dual Task 
Rhyme 
Mean 
 
Dual Task 
Shape 
Mean 
CWS 1150.74 
(261.90) 
2082.31 
(1621.74) 
 
2141.15 
(1710.85) 
2023.47 
(1546.571) 
CWNS 1152.337 
(378.3914) 
1451.98 
(795.4038) 
1547.83 
(826.038) 
1356.13 
(779.1292) 
 
 
The variables dual task average, dual task rhyme and dual task shape were log 
transformed to satisfy the assumptions of normality. In addition, the response time for 
active and passive voice was also calculated for both the groups, and the mean values for 
single task in CWS were for active voice was 1143.21 ms, and for passive voice was 
1114.61 ms; for rhyme dual was 2201. 62 ms for active and 2218.7 ms for passive; for 
shape dual was 2079.5ms for active and 2092.3ms for passive. Similarly, for the CWNS 
group for single task the mean SIT for active sentences was 1160.26 ms and for passive 
sentences was 1177.78 ms; for rhyme dual task condition, the mean for the active was 
1320.7 ms and the mean for the  passive was 1317.82 ms; for shape dual task condition,  
the mean for active was 1186.6 ms, and for shape dual condition, the mean for the 
passive voice was 1162.56 ms. Repeated measures ANOVA was done using SPSS 
version 17. 0. The results from the ANOVA are summarized in Table 3. 
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Table 3 
Summary Table for Analysis of Variance for Task, Group and significant interactions 
for SIT values across groups 
 F p 
Partial Eta 
squared 
Observed 
power 
Group 2.404 .135 .095 .318 
Task .430 .518 .018 .096 
Domain .074 .788 .003 .058 
Voice 
(active/passive) 
.019 .892 .001 .052 
Group x Taska 3.438 .07 .130 .427 
Task x Agea 4.219 .051 .155 .503 
Task x Sentence 
Formulation 
4.557 .044* .165 .534 
Task x TONI 4.796 .039* .173 .555 
*df= 1, 23 
 a Effects are indicated as marginal trend in the text 
 
ANOVA results indicated no significant main effects for Group, Task, Domain or 
Voice. These results indicate that, the groups were very similar in performance in single 
task conditions and additionally no significant differences were observed between active 
and passive voice. Significant covariate interactions were observed between task and 
sentence formulation (p = 0.044) and task by TONI scores (0.039), meaning that the 
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difference in SIT scores were predicted by scores on Sentence formulation tasks, and 
non-verbal intelligence scores. Even though, the CWS were slower in initiating a 
sentence in dual task condition, a main effect of group was not established from the 
ANOVA. This can be partially attributed to the standard deviation in the CWS group is 
larger for the dual task conditions. Marginal effects were also seen for the covariate of 
age, which indicates that younger participants took longer to respond than older 
participants.  
Figure 6. Whisker plot representing group differences in single and dual task 
Sentence Initiation time (ms) for CWS and CWNS 
 
 
Trends were seen for Task x Group interactions (p = 0.07). To evaluate the source 
of this interaction, post hoc analysis was performed which revealed that the Sentence + 
shape condition was different from the others. To further analyze this effect of on SIT, a 
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new variable was created by subtracting the single task SIT score from the dual task 
scores for both rhyme and shape to obtain relative differences. A separate ANOVA was 
performed on the newly created variables, and results revealed a no significant domain by 
group effect (p= 0.40, partial eta squared, .147, observed power = .549).  
 Errors in Sentence Production. The errors for the single task condition was least 
for both the groups and highest for the dual task rhyme conditions. No significant 
differences were seen for active and passive errors therefore the errors are discussed 
together for the purposes of this analysis. Repeated measure ANOVA revealed significant 
effect main effect for task (single vs dual) (p < 0.001) however no significant differences 
were observed across domain and domain x group for the errors in sentence production (p 
> 0.05). No other covariate interaction was found to be significant. The error difference 
for sentence production task represented in the figure below (see Figure 7). 
Figure 7. Errors in sentence production for CWS and CWNS for Single, Rhyme dual and 
Shape dual condition  
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Single task          Rhyme Dual        Shape Dual 
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Secondary Task  
Response Times 
 Rhyme Judgement. Like the sentence tasks, the rhyme judgement secondary task 
was also performed in single task and in conjunction with the sentence task. The response 
time for the rhyme task was calculated for CWNS and CWS groups for both single and 
dual task conditions. For the single task, the Mean Response Time for the CWS group 
was 1016.68 ms (SD. = 414.08), and for the CWNS was 927.71 ms (SD. = 334.86). For 
the dual task, the mean for CWS group was 2393.90 (SD= 1758.91), and the mean for the 
CWNS group was 1596.108 (SD= 801.68).  The findings are represented in Figure 8 
below. Comparison of means in the single task revealed no significant group difference 
(p > 0.05). 
 
Figure 8: The Response Time for Rhyme judgement in single vs dual task conditions 
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Because the rhyme task was measured across two levels of complexity (i.e., rhyme 
simple (replica) and rhyme complex (orthographically different rhyme)), these measures 
were also considered for both the groups. The mean and SD for the rhyme judgement task 
are summarized in Table 4. 
 
 
 
 Shape Judgement. Like the rhyme task, the shape judgement secondary task was 
also performed in single task and in conjunction with the sentence task. The response 
time for the shape judgement task was calculated for CWNS and CWS groups for both 
single and dual task conditions. For the single task, the Mean RT for the CWS group was 
871.86 ms (SD. = 325.36), and for the CWNS was 907.18 ms (SD. = 390.59). For the 
dual task, the Mean for CWS group was 2091.82 (SD= 1708.6), and the mean for the 
CWNS group was 1318.31 (SD= 718.63).  Like the prior rhyme task, comparison of 
means for the baseline tasks revealed no significant group difference (p > 0.05); in other 
Table 4 
Mean and SD values for Rhyme judgement task for CWS and CWNS 
 Rhyme Single 
(Simple) 
Rhyme Single 
(complex) 
Rhyme Dual 
Simple 
Rhyme Dual 
Complex 
CWS 923.31(376.41) 1165.83(484.08) 2288.77(1571.06) 2805.08(2089.85) 
CWNS 847.60(321.82) 1045.60(360.80) 1172.17(310.14) 1321.17(295.23) 
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words, the CWS and CWNS responded at a similar latency for the baseline single task 
condition. The response times across the groups for single and dual task conditions for 
the shape judgement task are represented in Figure 9 below 
 
Figure 9. Response time for Shape judgement for single and dual task conditions 
 
 
Since the shape task was also performed at two levels of complexity i.e. shape simple 
(replica) and shape complex (complex category judgement), separate means from these 
complexity measures were also considered. The mean and SD from the shape judgement 
task is summarized in table 5.  
 
 
Shape Single                       Shape Dual 
CWNS 
CWS 
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Table 5  
Mean and SD values for Shape judgement task for CWS and CWNS 
 Shape single 
(simple) 
Shape single 
(complex) 
Shape Dual 
(simple) 
Shape 
Dual(complex) 
CWS 831.64(328.56) 924.71(421.45) 1789.31(1507.79) 2128.69(1963.95) 
CWNS 881.73(398.01) 919.20(366.74) 1066.67(484.58) 1115.57(523.54) 
 Secondary Task Domain effects. ANOVA was done to evaluate the effect of 
domain and complexity on the performance for the dual task conditions for rhyme and 
shape judgement.  The results of main effects and significant interactions are summarized 
in table 6. 
Table 6 
Summary Table for Analysis of Variance for Domain, Complexity, Group and 
Significant Interactions 
 F p 
Partial Eta 
squared 
Observed 
power 
Group 5.55 0.03* 0.24 0.603 
Domain 0.60 0.45 0.03 0.113 
Complexity 0.009 0.924 0.001 0.051 
Domain x complexity 6.63 0.02* 0.281 0.680 
Complexity x group 6.67 0.02* 0.28 0.682 
Complexity x EVT score 5.01 0.04* 0.23 0.56 
Domain x complexity x 
EVT 
4.704 .045* 0.217 0.534 
*df = 1,17 
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 Results revealed significant effect of Group. The participants in the CWS group 
performed significantly slower for both the rhyme and shape dual tasks, compared to the 
matched participants in the CWNS group. This supports our hypothesis that dual task 
costs were higher in children who stutter compared to the matched fluent participants in 
the CWNS group. Additionally, significant interactions were noticed for domain x 
complexity (p = 0.02), and this represents that the participants took longer to respond to 
stimuli that was complex, in both shape and rhyme judgement tasks. Furthermore, 
complexity x group effects were also significant (p = 0.019), and the source of this 
interaction can be traced to the significant group difference as EVT scores were found to 
be significant covariate for complexity and domain x complexity interactions. This meant 
that the higher the scores on Expressive Vocabulary Test (EVT), the better the 
participants performed on the complex tasks 
Secondary task: Errors  
 Rhyme judgement. The errors from the rhyme task was also computed for both 
the groups for both single and dual task conditions. The mean error for the single task 
condition for the CWS group was 1.82 (SD= 1.43) and for CWNS was 1.92 (SD = 1.44). 
For the dual task, the mean error for the CWS group was 7.54(SD = 3.90) and for the 
CWNS group was 8.01(SD = 3.52) and. The results for the error data are represented in 
figure 10. The Errors are represented in the y- axis and the conditions (single vs dual) are 
represented in the x- axis.  
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Figure 10: Errors from the Rhyme Single and Rhyme Dual conditions for CWS and 
CWNS.  
 
 
 Shape judgement Errors from the shape task was also computed for both the 
groups for both single and dual task conditions. The mean error for single task in CWS 
was 1.79 (SD = 2.01) and for CWNS was 1.92 (SD = 1.77); for dual task the mean for 
CWS was 4.5 (SD = 2.10) and for CWNS was 4.85 (SD = 2.13). The results for the error 
data from the shape task are represented in Figure 11. The Errors are represented on the 
y-axis and the conditions (single vs dual) are represented on the x- axis.  
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Figure 11. Errors from the Shape judgement task for the single and the dual task 
conditions 
 
 ANOVA revealed a significant main effect for task (p < 0.001, partial eta squared 
= 0.826, observed power 1.00). This indicated that for both rhyme and shape judgement 
task, the errors in the single task were significantly lesser than errors in dual task. 
Additionally, significant effect for domain was seen (p < 0.001, partial eta squared = 
0.417, observed power = .986). No significant effect of group was seen, indicating that 
the CWS and CWNS groups were comparable for the tasks.  
Analysis of Disfluencies in Sentence Production 
The utterances that were disfluent were measured for both the groups. The 
variables for the disfluencies were Percent Sentences Disfluent (PSD) and Percent 
Syllable Stuttered. The disfluencies were subcategorized as Stuttering Like Disfluencies 
0
1
2
3
4
5
6
7
8
9
N
u
m
b
er
 o
f 
Er
ro
rs
CWS CWNS
Shape Single                              Shape Dual 
 48 
 
(SLD) and Other Disfluencies (OD). Because no differences were observed in 
disfluencies for active and passive productions, these are discussed together. The values 
for percent sentences stuttered are summarized in Table 7 and represented in Figure 12, 
below.  The percent values are represented on the y-axis and the conditions are 
represented on the x-axis. 
 
Table 7 
Percent Sentences Disfluent for the single, rhyme dual and shape dual condition 
(values in %) 
Group PSD single PSD rhyme PSD shape 
CWNS 9.73(6.42) 16.83(7.39) 9.19(4.43) 
CWS 41.46(20.26) 57.49(23.72) 51.92(23.64) 
 
Figure 12. Percent Sentences disfluent for single, dual rhyme and dual shape conditions 
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 Repeated measures ANOVA revealed significant effects of task (p < 0.001, 
observed power = .998, partial eta squared = 0.4) and task by group differences (p = 0.03, 
observed power = 0.65, partial eta squared .182). Visual inspection of the means revealed 
that the CWS were more disfluent than the CWNS overall and in addition, CWS showed 
greater disfluencies in both the dual tasks, while for the CWNS, the disfluency was 
observed most for the rhyme task.  
 To estimate the disfluencies at a syllable level, the percent syllable stuttered was 
also computed. Table 8 includes the mean percent syllable stuttered for the groups. 
 
Table 8  
Percentage syllable stuttered for single, dual rhyme and dual shape conditions 
(values in %) 
Group Single Dual shape Dual rhyme 
CWNS 0.82 1.075 0.56 
CWS 7.31 11.07 9.31 
 
 Proportion of Disfluency subtypes: Analysis for the disfluency subtypes 
revealed SLD and OD values. For the CWS group the proportion of SLD was 60.32% for 
the single task, 67.6 % for rhyme dual, and 62.4% for the shape dual condition for the 
CWS group. For the CWNS group, most of the disfluencies were OD. For CWNS, the 
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proportion of OD for single task was 80.4%, for dual rhyme was 78.09% and for shape 
dual was 81.1% Independent t-tests were done and no significant differences were seen 
for the SLDs as an effect of Dual task for either of the groups (p > 0.05).  
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Discussion 
 The aim of this research was to examine the effects of domain specific resources 
on sentence production in CWS and CWNS in dual task performance. The participants 
performed a sentence production task simultaneously with either a rhyme judgement or a 
shape judgement task. For the primary task, participants were asked to produce a 
sentence with cues for active and passive sentence production. For the secondary task, the 
participants performed a rhyme or shape judgement task. Both the secondary tasks were 
presented at two levels of complexity. If the premises of domain specific hypothesis are 
to be true, we expected to see larger dual costs for the sentence task when performed in 
concurrence with the rhyme task (domain specific), and a larger difference was expected 
for the CWS group.  
 The key finding from this study was that CWS did not show a clear effect for 
domain specific WM resources. While for the sentence production task, the CWS did not 
exhibit increased cognitive loading for the verbal secondary task (rhyme) compared to the 
visuospatial task (shape), they did show a significant variability for the domain specific 
task condition. On the other hand, the responses from the secondary task did show greater 
dual task costs for the rhyme compared to the shape condition for both CWS and CWNS. 
The presence of a clear domain specific dual task effect in the secondary task but a lack 
of such an effect in the primary task for the CWS group are suggestive of a difference in 
resource allocation for working memory in this population. These results are discussed 
below based on the effects seen in the primary and secondary tasks. 
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Primary task 
For the sentence production task, the participants produced a sentence in single 
task and in dual task conditions. It was hypothesized that the participants would perform 
worse on the primary task, in presence of a concurrent secondary task. The variables that 
were evaluated for the primary task were SIT, errors, and disfluency. The results revealed 
that the SIT values for the dual task condition was significantly larger than the single task 
condition for both rhyme and shape conditions. This effect was observed for both CWS 
and CWNS group. Additionally, significant differences were seen in errors in single and 
dual task production. Furthermore, CWS were more disfluent in the dual task compared 
to CWNS. These finding are consistent with the theories of cognitive resource allocation 
(Bosshardt, 2006; Pashler, 1994) . Additionally, effects of domain (verbal and visuo- 
spatial) on each variable were examined. The effects of group, task and domain are 
discussed below for each variable that was measured for the primary task 
SIT in Sentence production  
 In presence of a secondary tasks, participants in both the groups took longer time 
to respond when compared to sentence production in isolation. The supports the 
perspective that cognitive resources are finite and in presence of a secondary task which 
competes for similar resources, exacts additional dual task costs (Bosshardt, 2006; 
Gathercole & Baddeley, 1993). 
To examine the extent of dual task resources employed the baseline values from 
the single task were subtracted from both the rhyme and the shape task and it was found 
that the CWS took longer to respond in sentence production task when compared to the 
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CWNS for both the rhyme (verbal domain) and the shape task (visuospatial domain). 
More specifically, the CWS required significantly longer time to produce the sentences 
when the concurrent dual task was the shape task. This is in congruence with the 
predicted hypothesis, and CWNS were faster and more efficiently allocated resources in 
producing sentences when they performed shape judgement tasks concurrently with the 
primary task. i.e. the CWS were significantly different from CWNS as a group in while 
concurrently performing a visuospatial task concurrently. To date, there is only one 
published research that has also evaluated the effect of domain specific resources in 
adults who stutter but their finding failed to report a significant group difference on the 
primary task for the concurrent task in  visuospatial domain (Eichorn et al., 2016) 
Although, the results revealed that the mean SIT for both the rhyme and shape 
tasks were smaller in the CWNS compared to the CWS, the variability for tasks were 
very high in the CWS group when compared to matched controls. Statistical analysis 
failed to report group differences for the rhyme task, which was likely due to the large 
variability in the groups this study. Therefore, even though the CWS were slower in 
sentence production in competing rhyme dual task condition, the predicted effect that the 
CWS were poorer in the rhyme dual condition was not statistically significant. So, the 
participants in the CWS were not different in terms of syntactic processing resources for 
sentence production in presence of a rhyme task. Furthermore, the large variability in task 
performance for the rhyme task was in congruence with prior research in children who 
stutter (Sasisekaran & Basu, 2017). 
The finding that the groups were significantly different in relative SIT for the 
visuospatial dual task condition but not the rhyme condition was novel and compelling 
 54 
 
but not unexpected. Most of the prior researches had chosen tasks with greater 
automaticity such as word repetition as their primary task that primarily draws resources 
from the verbal short term memory, articulation and phonological encoding ( Bosshardt, 
1999, 2002). Furthermore, the primary task effects as reported by Eichorn et. al, 2016 
was spontaneous speech generation, which also had less constraint on the verbal WM 
load.  However, the sentence production task used in this experiment in this experiment 
were less automatic and required more cognitive resources since the participants had to 
syntactically encode the sentence based on the immediate prompts and the line drawings. 
When presented with an additional task such as rhyme both groups demonstrated 
significant dual costs, but the group differences were not significant- this is indicative of 
the fact that when the tasks were in the same domain and competed for the same 
resources in terms of verbal working memory, attention and executive function CWS did 
not differ from CWNS in syntactic processing dual cost.  
However, when the tasks were in visuospatial domain, the CWNS were able 
minimize the dual task cost better than CWS by being able to produce the sentences 
faster. This is indicative of a group difference in modularity of the cognitive resources in 
CWNS and CWS. Bosshardt (2006), mentioned that individuals who stutter have e less 
“encapsulated” resource system that is more vulnerable to “concurrent processes in other 
parts of the system”. Furthermore, almost all these studies have had adults who stutter as 
their participants. Since stuttering is a developmental disorder, it is therefore reasonable 
to theorize that a poorly modular resource system when coupled with a developmental 
language processing will not be able to perform as efficiently in presence of a competing 
non-linguistic task.   
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Errors in Sentence Production 
For the responses to the sentence production task to be considered as an error, the 
participants produced incorrect voice (active or passive sentences) for the cue presented. 
The errors in the baseline or the single task condition for the sentence production task 
was found to be least compared to the errors in the dual task conditions for both rhyme 
and shape dual conditions. Statistical differences were observed for the task however no 
significant differences were observed for domain x task, i.e. the performances on the 
sentence production task alone was found to be most accurate and the accuracy of 
production decreased in presence of a dual task, irrespective of task domain. This is 
supported by the theory that the cognitive resources are finite and dual task costs are 
exhibited with the increase in the number of errors in presence of concurrent task 
demands. This is further supported by reports of increased error rates in a dual task 
condition for speech tasks (Oomen & Postma, 2002). The authors have theorized that 
error detection takes place via perceptual loop which in turn is governed by attentional 
processes that are limited in availability. Presence of a secondary task, therefore results in 
increased error due to an inefficient functioning of the perceptual loop that is mediated by 
a resource constrained attentional processes. Furthermore, no significant differences were 
observed in the performance in of CWS and CWNS, that is, the CWS were comparable in 
accuracy with their non-stuttering peers in terms of the errors that they produced. Lack of 
group differences in errors have been reported in prior study in school age children who 
stutter(Sasisekaran & Basu, 2017).  However, given that CWS took longer than the 
CWNS in the sentence production under dual task conditions, this phenomenon can be 
attributed to speed-accuracy trade off. 
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Disfluency in Sentence Production Task 
It was hypothesized that the children who stutter will exhibit more disfluencies 
than children who do not stutter for the single and the dual task condition. In congruence 
with the hypothesis the study found that overall, for all the tasks, children who stutter 
were more disfluent than the children who do not stutter. This finding was reflected in 
both measures of disfluencies i.e. Percent sentences disfluent and percent syllable 
stuttered. Percent sentences disfluent results revealed significant main effects for task 
(single vs dual) and task and task x group. While increase in overall disfluency in CWS 
and CWNS in rhyme dual task can be explained based on the hypothesis that presence of 
a dual task causes greater resource constraints (Pashler, 1994) and presence of  domain 
specific tasks compete for similar resources (Cocchini, Logie, Della Sala, et al., 2002), 
the disfluency trends seen in shape judgement dual task condition represent separability 
between CWS and CWNS.  
 While the CWNS group exhibited almost the same amount of disfluency for the 
single task and when sentence production occurred with concurrent task in the 
visuospatial domain, CWS participants did not exhibit a similar decrease in the speech 
disfluencies. This is indicative of the fact that irrespective of the concurrent task, the 
effect of a secondary task on speech fluency was similar. It can be further theorized that 
WM resources in CWNS are specific and modular, therefore no effect is seen on the 
speech fluency in this group when the tasks are in different domains. However 
participants in the  CWS group require greater verbal resources in performing a sentence 
production task in presence of a concurrent task (Bajaj, 2007; Bosshardt, 2006), 
irrespective of task domain.   The present findings are supported by findings of Eichorn 
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et. al, (2016). They also failed to find a domain specific difference in fluency and have 
also proposed that the lack of decrease in disfluency for the visuospatial condition in 
persons who stutter can be explained as “unintentional” taxing on the verbal rehearsal by 
the visuospatial system.   
Although the effect of dual task was observed for percent disfluencies both at the 
sentence and at the syllable level, contrary to my hypothesis, this study failed to find 
difference in SLD in the CWS group for the single to dual task conditions. This is not 
surprising considering that the participants in the CWS group took longer to respond in 
the dual task condition, compared to single task.  Studies in past have also failed to find 
differences in disfluencies across tasks (Bosshardt et al., 2002). It is possible that the 
sentence production task did not sufficiently strain the working memory resources for 
SLD differences to be evident between the task for the CWS. 
Based on the evidences from the sentence initiation time and disfluency changes 
in CWS, it can be said that for CWS, simultaneously performing a task that employs 
resources from the visuospatial system interferes with the syntactic planning and 
production task. This can also be extrapolated to theorize that the domain specific 
organization of working memory resources are not as efficient in CWS compared to 
matched controls in presence of a concurrent task while performing a task such as 
sentence production.   
Secondary Task 
The rhyme and shape tasks were performed in isolation and concurrently with the 
sentence task. The groups were measured in baseline condition i.e. in single task 
 58 
 
condition to rule out any possible differences in baseline performance between CWS and 
CWNS and the results revealed no significant group difference in the single task 
condition. Generally, the results of secondary tasks conformed with our predictions.  
Both groups were slower in dual task than in the single task , and these differences are 
indicative of dual task costs that occur due to concurrent processing needs (E. Vergauwe 
et al., 2010). Effect of task complexity was also found to be descriptively different for 
rhyme and shape judgement tasks, but these tasks failed to reach statistical significance. 
An important observation in this regard was that, even though the effects of complexity 
was not established, the complex conditions show a high variability in performance. 
Since our participants were school age children, it is possible that the variability that we 
observed was due to a possible developmental effect.  
In terms of group differences, for the dual task conditions for both rhyme and 
shape, significant differences were seen across the groups i.e. the CWNS were faster in 
performing both the shape and the rhyme task than CWS. The response time for the shape 
task was faster than the response time for the rhyme task. Even though complexity effects 
were non- significant, the interactions of domain x complexity and complexity x group 
were found to be significant. This supports the hypothesis that cognitive resources are 
modular and domain specific. It also represents that the rhyme task was more taxing for 
CWS when performed concurrently with the sentence task. Based on our task design, the 
both the rhyme and the shape secondary task relied on WM storage function. So when the 
CWS performed the rhyme judgement task while encoding the syntactic plan , it is most 
likely that the tasks competed for similar verbal resources (Bayliss et al., 2003). On the 
other hand, even though the shape task competed for dual task resources, the dual task 
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cost seen was lesser because it did not draw from the same resource system. Evidence for 
domain specific interference for the verbal task has been well reported in adult stuttering 
literature (Bosshardt et al., 2002; Bosshardt, 2002; Eichorn et al., 2016). Among the co-
variates expressive vocabulary was found to be a significant predictor for task 
performance, which was expected since the stimuli for the rhyme task were words.  
Even though dual task costs were evident in response times between CWS and 
CWNS, no significant group differences were observed for task accuracy for the 
secondary tasks for both the rhyme and the shape tasks and can be attributed to a possible 
speed accuracy trade off.  
Implications of Dual Task Costs in Children who Stutter 
This findings from this research contributes to the much-needed understanding of 
cognitive processes in children who stutter. This study hypothesized that children who 
stutter will exhibit larger dual task costs for concurrent task conditions. Additionally, we 
were interested to examine the effects of domain specific secondary tasks on sentence 
planning and production. The results revealed that CWS are slower in planning and 
producing sentences in presence of a secondary task, irrespective of task domain. While 
typically fluent kids showed a greater effect of task domain with competing task in verbal 
domain being most difficult, such differences were not observed in children who stutter. 
Although the concept that persons who stutter might have a less modular system was 
discussed in prior published works (Bosshardt, 2006), till date domain related effects in 
speech has not been published in children who stutter. This finding can be incorporated to 
further our understanding of the multidimensional model of stuttering and contributes to 
the much- needed psycholinguistic literature in children who stutter.  
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Theoretical Relevance of Findings  
 The purpose of this research was to examine the effects of resource allocation in 
CWS in dual task conditions. The nature of secondary task was designed to understand 
the effects of cognitive loading when the tasks were presented in similar (verbal) and 
different (visuospatial) domain. It was expected that if the working memory resources in 
CWS were domain specific then a greater dual task cost would be reflected for the tasks 
that competed for the resources in the same domain (sentence + rhyme), than when the 
primary task and the secondary tasks did not rely on the similar resources (sentence + 
shape).  Prior studies  with sentence generation as their primary task found domain 
specific dual task effects on the primary sentence task in adults who stutter (Bosshardt et 
al., 2002). However, unlike the CWNS, the participants in the CWS group failed to show 
domain specific dual task effects for the primary task, in presence of concurrent rhyme 
task. Furthermore, the dual task conditions in CWS showed a large variability in response 
time. One possible explanation to that is: to perform a higher level linguistic task as 
sentence planning, requires a greater reliance on domain general attributes like executive 
attention which play a larger role in dual task conditions (Vergauwe, Barrouillet, & 
Camos, 2010) in children who stutter. However, given the large variability within the 
group it is also possible that there are individual differences in domain specific resource 
allocation within the CWS (Bosshardt, 2006) performing sentence production task. 
Furthermore, these findings are supported by evidences from fMRI researches in 
individuals who stutter show a greater overlap in neurological substrates and activation of 
cortical areas that are not exclusively used in speech planning during sentence production 
tasks (De Nil & Bosshardt, 2000; Bosshardt et al., 2002). Therefore, a lack of significant 
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domain specific task effect does not give us a conclusive evidence about the resource 
allocation theory in CWS.    
 On the other hand, the considering the secondary task, a significant domain 
specific dual task effect seen in CWS as evident from the response time differences 
between the rhyme and the shape tasks. The findings from the secondary task are in 
concurrence with prior evidence that CWS showed larger effect for domain specific task 
demands , specially when the tasks competed for resources in the verbal domain 
(Bosshardt et al., 2002; Eichorn et al., 2016). The findings from the secondary task are in 
concurrence with Baddeley’s multicomponent model of WM, which indicate that the 
shape task did not effectively tax the WM compared to the rhyme task. Since the 
resources in the visuospatial domain were separated from those of the verbal domain, the 
effects seen in the secondary task were larger in CWS, similar to the matched controls.  
Additional support from related cognitive measures: Evidences from studies that 
evaluated similar cognitive measures can be extrapolated to understand the present 
findings in the secondary task. The present study found significant differences between 
the rhyme and the shape judgement tasks in the secondary task which can be further 
explained through the attentional set shifting (AS) phenomenon. Attentional set shifting 
involves switching between multiple tasks, and in a study that evaluated AS in  CWS,  
found that CWS exhibited difficulties in attentional set shifting for behavioral auditory 
tasks (Eggers & Jansson-Verkasalo, 2017). The authors also proposed that the dual task 
differences seen in CWS in studies so far could potentially be mediated by differences in 
AS. In my study, between the two secondary tasks, the rhyme task was found to exhibit 
larger group differences: this is likely due to the additional processing load to the 
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participants, especially for the complex rhyme condition that required participants to 
make orthography to phonology transformations , followed by rhyme judgement. This 
possibly added a larger load to the verbal resources compared to the shape task which had 
little or none verbal processing or transformations involved. Since task differences were 
elicited in both the domain specific and domain general tasks, it can thus be postulated 
that for CWS, both the resources that are shared across domains (such as attentional set 
shifting) as well as resources within a specific domain (such as working memory) are 
affected.  
Thus, the presence of domain specific effects in secondary tasks but inconclusive 
findings in the primary task in indicative of a less “encapsulated” cognitive resource 
system in CWS. Bosshardt (2006), explains that the speech production system in 
individuals who stutter differ from individuals who do not stutter in terms of modularity 
of resources and people who do not stutter and people who do stutter belong to the 
“extreme ends” of modular organization. This theory can be applied to the finding in the 
current study. The lack of encapsulated resources could explain why children who stutter 
show greater variability within a given domain as well lack of domain specific effects for 
two tasks in different domain (Verbal vs Visuospatial). Alternate explanation from the 
evidences from the AS literature attribute these differences to poor control of AS (Eggers 
& Jansson-Verkasalo, 2017). Based on our findings it can be said that the working 
memory components in CWS show some evidence of domain generality when it comes 
to planning sentences. On the other hand, the expected differences in domain specific 
resources were partially supported in the CWS’ performance of the secondary task, where 
the response time for rhyme was slower than the shape.  
 63 
 
Limitations and Future Directions 
 This research was an exploratory work in understanding the influence of domain 
specific variables in children who stutter. More research is needed in this population that 
can help us in understanding the causal theory of stuttering. One of the major aspects 
seen in the CWS performance in the dual task condition was a high variability. The 
present study had a sample size of 29 participants only, so future researches are needed 
with a larger sample size which might bring down the variability. Additionally, this study 
evaluated children in the age range of 9 to 16 years. This is a sufficiently broad age 
range; to obtain more specific results future researches can consider using a smaller age 
range. Another possible limitation was that one of the two raters were not blind to the 
stuttering severity status of the participant which may have introduced some level of bias 
in transcription coding. 
 Also, this study used simple S-V-O sentences, in a picture- based sentence 
elicitation task, and it failed to find significant differences for active and passive 
productions. In future using more complex sentences as stimuli for the primary task 
might show greater group differences. Of specific interest could be sentences with 
embedded clause that involves higher level syntactic planning.  
 
Conclusion 
 In conclusion, it appears that WM constraints in dual task are different in CWS 
from their age matched peers. These differences in cognitive resource allocation in a dual 
task condition are not straightforward. It varies by task demands and is subjected to 
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individual variability for sentence generation task. In contrary, for performing rhyme and 
shape judgement tasks, that employed some amount of WM storage, the WM constraints 
were found to be somewhat domain specific. The finding that WM resources less 
encapsulated and the WM task interaction is more complex in CWS compared to adults 
who stutter will contribute to our understanding of the psycholinguistic component of the 
multidimensional causal theory of stuttering. 
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SENTENCE STIMULI 
Block 3  Block 4 
 The dog is sniffing a flower The boy is climbing a tree 
The bird is carrying a branch The man is raking leaves 
The woman is ringing doorbell The boy is baking cookies 
The girl is painting a picture The woman is washing dishes 
The tree is climbed by the boy The flower is sniffed by the dog 
the leaves are raked by the man the branch is carried by the bird 
the cookies are baked by the boy the doorbell is rung by a woman 
the dishes are washed by the woman the picture is painted by the girl 
 The frog is catching the fly The man is chasing a butterfly 
The teacher is reading to the class The teacher is talking to the girl 
the butterfly is chased by the man  The boy is visiting the doctor 
the girl is being talked to by the 
teacher  The man is lifting the cat  
the doctor is visited by the boy the girl is pushed by the boy 
the cat is lifted by the man the pig is followed by the turkey 
   
Block 1 Block 2 
The boy is throwing a ball the man is pushing a wheelchair 
The girl is picking flowers the boy is holding a balloon 
the cow is eating leaves the boy is reading a book 
The girl is riding a bike the boy is drinking milk 
the wheelchair is pushed by the man The ball is thrown by the boy 
the balloon is held by the boy the flowers are picked by the girl 
The book is read by the boy the leaves are eaten by the cow 
the milk is being drank by the boy the bike is ridden by the girl  
the wolf is chasing the sheep the man is kissing a woman 
the mother is hugging the boy the cop is chasing a thief 
The woman is kissed by the man the mom is holding her baby 
the thief is chased by the cop the boy is feeding birds 
the baby is held by the mom the mouse is chased by the cat 
the birds are fed by the boy the horse is ridden by the girl 
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Foil sentences 
the butterfly is chasing the dog 
the boy is eating a cake 
the girl is pushing a swing 
the father is lifting the boy 
the boy is writing a letter 
the boy is driving a car 
the cat is catching a fish 
the man is singing a song 
the farmer is driving a tractor 
the girl is wearing a hat 
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Rhyme stimuli 
Rhyme 
Simple 
BLOCK1 
 
Rhyme 
Simple 
BLOCK2 
 
Stim3 Stim2 Stim1 Stim3 Stim2 Stim1 
wood wood Love Cork   Cork   Fear 
Fear Fear Pork Ball   Ball   Bat 
Bat Bat hall Fowl   Fowl   Grow 
Grow Grow Howl Tea    Tea    Bull   
Bull   Sea Bull   Tone   Learn Tone   
Learn Phone Learn Steak  Town Steak  
Town Break Town Far    Soot Far    
Soot Car Soot Form   Great  Form   
Great   Pear Storm Learn  Eat Stood   
Stood   Go Eat Come   Storm Are     
Are     Who  Storm Cake   Own  Slow   
Slow   Eight Own  Room   Cave Fowl     
Fowl     Grew Cave Hair   Ton Board    
Board    See Ton Sun    Seven Brown    
Brown    Good Seven Noun   Bread Bed     
Bed     Might Bread Toes   Love Grow 
Grow Grow Love Cork   Bull   Cork   
Bull   Bull   Pork Ball   Learn Ball   
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Learn hall Learn Fowl   Fowl   Town 
Town Howl Town Tea    Tea    Soot 
Soot Sea Soot Tone   Tone   Great    
Great    Pear Phone Room   Cave Stood   
Stood   Go Cave Hair   Ton Are     
Are     Who  Ton Sun    Seven Slow   
Slow   Eight Seven Noun   Bread Fowl     
Fowl     Grew Bread Toes   Love wood 
 
 
Rhyme 
Complex 
BLOCK3 
 
Rhyme 
Complex 
BLOCK4 
 
Stim3 Stim2 Stim1 Stim3 Stim2 Stim1 
Bead  Bread Own  Gown Own  Hair   
Blood  Hood Full Dull  Full Bead  
Bear   Ear Crown Shown  Crown Blood  
Oat    Cat cave Have Cave Bear   
Barn   Earn Tomb Bomb Tomb Oat    
Blast  Beast Love Move Love Barn   
Cow    Snow Nose Lose Nose Blast  
Water  Later Touch Couch Touch Cow    
Air    Break Pear Cake Water  Break 
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groan  Car Phone Are Air    Car 
Sun    Low done Tow Groan  Low 
Blue   Sea Who Free Sun    Sea 
Hair   There Ear Deer Ear Blue   
Would  Good Full Wool Full Hair   
Meet   Eat Own Cone Own Would  
Groan  Scone Head Bead Head Meet   
Bead  Bread cave Have Cave Groan  
Blood  Hood Tomb Bomb Tomb Bead  
Bear   Ear Love Move Love Blood  
Oat    Cat Nose Lose Nose Bear   
Barn   Earn Touch Couch Touch Oat    
Air    Break Pear Cake Break Barn   
groan  Car Phone Are Car Air    
Sun    Low done Tow Groan  Low 
Blue   Who Sea Free Sun    Sea 
Hair   There Ear Deer Blue   Ear 
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Appendix 1b 
Examples of Complex shapes used in the task 
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Examples of Simple shape used in the task  
                                                                                                                                  
